Introduction: Spine surgery is known to have a high risk of surgical site infection (SSI). Multiple studies have looked into the risk factors and incidence of SSI during elective surgery, but only two retrospective studies have specifically evaluated SSI during surgery following spine trauma. Materials and methods: This work was based on a prospective cohort study that included all the patients operated on for spinal trauma at 13 French hospitals over a three-month period. The main endpoint was the occurrence of a SSI during the three-month period. Patients with multiple trauma or open fractures were excluded from the study. Results: Of the 169 patients re-examined after a minimum of three months, six had had an acute SSI (3.55%). The following factors were significantly related to a SSI: age, ASA score, diabetes, procedure duration, delay elapsed between accident and procedure, number of levels fused, bleeding and prolonged presence of urinary catheter. Discussion: Our results were consistent with the published infection rates of 2 to 10%. The risk factors identified have all been described in previous studies on elective spine surgery. Level of evidence: Level IV, prospective cohort study.
Introduction
Surgeons dread the possibility of a surgical site infection (SSI). Its nosocomial nature is known by the patient and may engage the responsibility of the surgeon and/or health facility [1] . But since published infection rates vary, it is difficult to specifically outline the potential risk to the patient. For spine surgery, these rates range from 1 to 9% [2] [3] [4] . In spinal trauma, the SSI rate is even higher -10% or more based on some published reports [4, 5] . Although many SSI risk factors have been identified for elective spine surgery [6] and general trauma [7] [8] [9] , little information exists for spinal trauma, other than the studies performed by Blam et al. [4] and Rechtine et al. [5] . But information about these risk factors is essential to preventing and controlling the infection [3, [10] [11] [12] . The goals of the current study were to precisely define the SSI rate and to determine the specific risk factors in a population of spinal trauma patients in France, through a prospective, multicentre study.
Material and methods
A prospective, multicentre, cohort study involving 13 French hospitals was performed over a three-month period with a minimum of three months of postoperative follow-up. All spinal trauma patients requiring surgery for a vertebral injury (fracture, serious ligament injuries) between C1 to L5 were included. The internal fixation could extend to the cranium or sacrum. Multiple trauma patients and those with open fractures were excluded so the study could more specifically evaluate the other risk factors. To analyse risk factors, the most possible information was collected about the patient, accident, type of fracture, procedure, events during the hospitalisation, and the clinical outcome of the patient after the third month (Table 1) . Additional descriptive information and treatment strategies were collected in patients with a SSI.
A univariate analysis was performed to evaluate the relationship between risk factors and the appearance of a SSI. Missing data were not censured because they consisted less than 5% of the series. Non-parametric tests were used because the conditions for parametric testing were not met (sample size too small and variables not normally distributed). Fisher's Exact test was used for categorical variables and the Wilcoxon test was used for continuous variables. The significance threshold was set at P < 0.05. A multivariate analysis was not performed because the small number of positive events (infection) in this study did not meet the guidelines for such an analysis [12] . Statistical analyses were performed with the software R (v 10.13/ R Development Core Team [2011] ).
Results
During the recruitment period, only 171 of the 256 eligible patients met the inclusion criteria. Most of these patients were men (70%). The average age was 50 years (± 20.1 years). There were few co-morbidities (ASA 1 in 86% of cases). In one-third of cases, the accident occurred at home. Fewer than 25% of patients presented with a neurological deficit upon admission. A summary of the study data is given in Table 2 . Only two of patients were lost to follow up at the last review. Three months after inclusion, six SSIs were observed, which corresponds to an average SSI rate of 3.55% (Fig. 1) .
The univariate analysis found many significant risk factors: age, ASA score more than 1, diabetes, more than 72 hours between the accident and procedure, procedure longer than three hours, more than three levels fused, significant bleeding (> 600 cc). Among hospitalisation-related variables, only the presence of a urinary catheter for more than five days was found to be significantly related to SSI. The statistical relationship of all the variables to a SSI in this study can be found in Table 2 and Table 3 . In most cases when a variable was not statistically related to infection, the power of the univariate test was less than 30%. The hospital stay was longer (average of 28 days) and death occurred more often in the SSI group (1/6 vs. 5/163) Table 4 . The death in the SSI group was related to the infection.
Discussion Limitations
This was a unique spinal trauma study. Since only two patients were lost to follow-up, this study was quite exhaustive and provided a good estimate of the infection rate and an evaluation of infection risk factors. Because this was a prospective study, the risk factors could be evaluated more extensively, especially the operating suite data that are often hard to find during retrospective studies. However, the current study had methodological limitations. Because the recruitment period was short, not enough positive events (SSI) occurred to perform a multivariate analysis with logistical regression [13] . The overall SSI rate (3.55%) must be tempered on two aspects when compared to the infection rate reported in other series. First, multiple trauma patients with a high risk of infection were intentionally excluded from the study, which reduced the overall infection rate. Second, the three-month results do not take into account the medical and legal definition of a nosocomial infection and select for a smaller number of events. However, the current study was intentionally focussed on infections appearing early on.
Infection rate
Published SSI rates for spine surgery range from 0.5% to 12% [2, 14] . This wide range of infection rates is related to the heterogeneity of the various series: large variation in average age (35 to 64 years [5, 15] ), type of procedure (herniated disc, degenerated spine, deformation) [16] , and presence of fixation hardware. As an example, Keller and Papas [17] reported that the SSI rate increased from 2% to 6% when internal fixation was used. Another source of variability was the definition of the infection itself. The definition of an SSI is relative precise [18] , but there is some subjectivity in the clinical criteria. Superficial infections that are limited to above the fascia and deep infections that go all the way to the surgical site are differentiated in published reports. This leads to a vague distinction between a superficial infection and a ''wound healing disturbance''. The concept of wound healing disturbance is used to emphasize the aseptic and transient nature of the reaction, but with a possible progression to a SSI. Although these circumstances are common in peripheral trauma cases, it was not reported in the current series. Lim et al. [19] noted that few published reports specifically describe spinal trauma SSI [4, 5] . The rates were high overall, but some variability was apparent. The most significant work was the SRS (Scoliosis Research Society) series sub-group, which looked at more than 6000 cases and reported a SSI rate of 2% [2] . Rechtine et al. [5] reported a SSI rate of 10.2% for 117 fractures at the thoracic-lumbar junction and Blam et al. [4] reported a SSI rate of 9.4% for 256 cases of surgically-treated spinal trauma. With a SSI rate of 3.55%, the current series is consistent with these published series, even though multiple-trauma patients were not included. It also confirms that surgery for spinal trauma is itself a risk factor for SSI [20] . 
Risk factors
Previously identified SSI risk factors for spine surgery are summarised in Table 5 [4, 5, 15, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] or found in the review by Schuster et al. [6] , but these were often outside the context of trauma. Of the two published reports that were specific to spinal trauma, only Blam et al. [4] performed a true statistical analysis. They identified the following risk factors: age, duration of stay in the intensive care unit before and after the surgery, delay between accident and procedure, number of levels fused, presence of co-morbidities, only one surgeon involved, cervical and thoracic locations, and posterior approach. When a multivariate analysis was performed, only delay of more than six days before surgery, postoperative intensive care stay and single surgeon involvement were significant. Note that a combined operative team (neurosurgeon and orthopaedic surgeon) seemed to protect against the occurrence of a SSI. Protective factor.
The current study revealed many SSI risk factors that were consistent with the published literature: advanced age, obesity, diabetes, high ASA score, procedure time, extent of intra-operative bleeding and number of fused levels. Most of these variables cannot be modified by a surgeon who wants to prevent infections. Conversely, an anterior approach [31] and minimally-invasive techniques [32] seem to have fewer SSI complications, which may lead the surgeon to choosing different modalities to treat the spinal fracture.
Conclusion
The SSI rate during spinal trauma surgery was more than 3% in the current prospective patient series. This infection rate and the identified risk factors were consistent with published data. Some of these factors cannot be easily modified to prevent infections, but being aware of them can help increase vigilance.
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